Theodorou A, Ioakimidou E, Kouris P, Panoutsakopoulos V, Smpokos E. Colour contrast and regulation of the long jump approach run. J. Hum. Sport Exerc. Vol. 8, No. Proc3, pp. S681-S687, 2013. Research has shown that visual perception of the take-off board and the subsequent regulation of the approach run occur 4-5 strides prior to take-off. Contrast in visual perception is determined by the difference in colour and occurs when a surface of one colour induces its antagonist colour in an adjoining surface. The aim of the present study was to investigate if colour contrast between the track surface and the board affects the stride regulation pattern at the long jump approach run. Four long jumpers performed long jumps in two different occasions: 6 from a runway track coloured blue, with a white take-off board and 6 from a modified yellow board. The runway was marked and the approach runs were recorded with a panning camera. Toeboard distance (TBD) for each support phase in every run-up and the percentage distribution of adjustment of the regulated strides was calculated. With the white take-off board, the average TBD variability reached its peak value (21.74cm) on the 5th stride from the board and at a distance of 9.77m from take-off point. With the yellow take-off board the average TBD variability culminated (24.80cm) on the 7th stride from the board and at a distance of 13.40m from take-off point. With the white board, 80% of the adjustment was distributed during the last two strides as opposed to 61% with the yellow board. When a take-off board of a colour complementary to the runway's blue track surface is used, athletes initiated their regulation 2 strides earlier. This may be attributed to an enhanced visual perception of the approaching target allowing a more uniform distribution of adjustments during the last two strides of the approach.
INTRODUCTION
Perception-action coupling and the notion that locomotion generates information which in turn restrains further motion is a well-established ecological theory. Gibson (1979) claimed, ' We must perceive in order to move, but we must also move in order to perceive' (p.223). Long jump is an event that has been used extensively as a movement model to study target-directed displacement in humans. This is because the approach phase and the technical skill of placing the take-off foot on the board with accuracy, speed and proper mechanics poses significant spatio-temporal demands on the athlete. , 1997) suggests that long jumpers, in order to achieve precise foot placement on the board, regulate the final 4-5 strides of the run-up using visual information. Some studies concurred that a time-to-contact optic variable (tau) initiates adjustments in the vertical impulse exerted by the athletes' feet on the track (Lee et al., 1982; Warren et al., 1986 ) in order to achieve the desired stride length. Most of the studies that followed on the topic stressed the importance of visual information which feeds a continuous control based on a perception-action coupling (Montagne et al., 2000).
In visual perception, contrast is determined by the difference in colour and occurs when a surface of one colour induces its antagonist colour in an adjoining surface (Hurlbert & Wolf 2004 ). Goethe (1810) first studied the physiological effect of opposed colors in his "Theory of Colours" in 1810. Hering (1964) proposed the opponent color theory and suggested that the visual system is determined by three antagonistic processes (opposite colours: bright-dark, red-green, yellow-blue). In Hering's opponent-colors diagram, contrasting colors appear in different segments of the color wheel. The further apart from one another in hue the more contrast (Stockam & Brainard 2009). A prerequisite of perception by the human eye is the ability to assess visual contrast between adjacent surfaces and calculate distances (Dalke et al., 2010). Undoubtedly, a competitor must achieve an early attainment of the spatio-temporal characteristics of his acting environment so that his musculoskeletal system is successfully coordinated in time. This is mainly accomplished by visually processed information (Fitch & Turvey 1978; Lee, 1980; Turvey 1990 ). The aim of the present study was to test the hypothesis that colour contrast between the track surface and the board will affect the stride regulation pattern at the long jump approach run.
METHODS

Participants
One male(age = 21 yr., body mass = 67kg, height = 1.76m, personal best = 6.85m) and three females (age = 20 ± 1 yr., body mass = 55.5 ± 7.3kg, height =1.67m ± 0.06, personal best = 5.50 ± 0.14m) medium level long jumpers were examined. The study was approved by the University ethics committee. Informed consent was obtained by the participants.
Procedure
All participants prior participating to the study were examined for normal vision and colour blindness. Measurements took place at an indoor track and field stadium with artificial lighting and controlled luminance conditions. As a reference chart for classifying the colour of the track's surface the National Colour System (NCS) chart was used (Hard & Sivik, 1981) . The Natural Colour System (NCS) is a proprietary perceptual colour model published by the Scandinavian Colour Institute based on the colour opponency description of colour vision proposed by Herring (1964) . A fan deck containing all NCS 1950 original colours was placed on the track. The colour of the track matched code S4030-R90B (namely "blue") of NCS chart index while the standard take-off board matched code S0300-N (namely "white").
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Based on the colour wheel, code S 1075-G90Y (namely "yellow") was picked as the opponent contrasting colour to the track's surface and was used to dye the modified "yellow" take-off board.
One-meter zones were marked on the runway to allow the measurement of the horizontal distance between the athletes' toe and the proximal to the pit edge of the take-off board, named as toe-board distance ., 1989 ). All the approach runs were recorded with a digital camera (CASIO EX-F1) operating at a sampling frequency of 300 frames/sec. The camera, positioned 15 m from the midline of the run-up lane and elevated 4m from ground level, was zoomed in on the athletes' feet and was manually panned to allow the subject's entire run-up to be recorded. The data collection set up is illustrated in Figure 1 . All the participating athletes performed on two different occasions and in a random order 6 long jump attempts from a "white" take-off board and 6 from a "yellow" take-off board. Only the legal trials were used for the analysis. Each athlete performed at least 5 legal jumps. In total, 47 legal run-ups were included in the analysis.
Figure 1. Set up of the experimental procedure
The frames of each foot contact on the ground were extracted from the digital video recordings and transferred for analysis using the APAS 2010 software (Ariel Dynamics Inc., Trabuco Canyon, CA). To calculate the toe-board distances (TBD) for each support phase in every run-up of an athlete, the model described by Chow (1987) and adapted by Hay and Koh (1988) was used. One-meter zones were marked on the runway to allow the measurement of the horizontal distance between the athletes' toe and the proximal to the pit edge of the take-off board (toe-board distance, TBD). At first, the toe-marker distance was designated by projecting the position of the athlete's shoe toe onto a line between the two near markers. TBD was then calculated by the addition of the toe-marker distance and the marker-board distance (Figure 1 ).
The validity of the procedure for calculating the TBD was assessed by recording a panning video with shoes placed on the runway at known distances (0.10m, 1.0m, 2.0m and thereon in two meter intervals from 3.0m up to 25.0m from the front edge of the take-off board). The TBD of the calibration shoe was then calculated with the method described above. The comparison between the actual shoe-toe distance and the distance extracted from the video analysis presented a variability of 0-1%. . The length of a stride was defined as the horizontal distance from the toe of one foot to that of the other between two consecutive support phases on the ground and it was determined by the subtraction of the respective TBD (Berg & Greer, 1995). The regulation of strides was considered to begin at the point (support phase of foot on the ground) at which the maximum value of SD in TBD (TBDSDmax) was recorded (indicating the termination of an ascending trend of variability), provided that the successive values of SD decreased systematically thereafter (Berg et al., 1994) . The distance of the point at which regulation commenced from the board was measured in meters. The SD of TBD recorded at the last stride (TBDSDto) reflected the proximity of the take-off foot placement on the board and therefore the accuracy in targeting the board.
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The percentage distribution of adjustment (ADJ%) in each one of the regulated strides was calculated for each participant following the method suggested by Hay (1988) where i is the ith-last contact:
RESULTS
In regards to TBD, with the "white" take-off board, participants demonstrated a progressively increased mean SD of TBD that reached a TBDSDmax of 0.24m on the 6th support phase (i.e. 5th stride from the board) at a mean distance of 9.97m from take-off point. With the "yellow" take-off board they reached a TBDSDmax of 0.25m on the 8th support phase (i.e 7th stride from the board) at a mean distance of 13.40m from take-off point (Figure 2 ). The ADJ% made in both conditions is presented in Figure 3 . Our data suggest that athletes attempting from a take-off board of a contrasting colour with the tracks' surface perceived the approaching target earlier and commenced corrective adjustments of their approach run promptly. As shown in Figure 3 , this resulted to a more uniform distribution of the adjustments made across the last 5 strides when the "yellow" take-off board was used. With the "white" take-off board, 80% of the corrections were distributed over the last two strides of the approach run. These findings are similar to those reported for elite athletes (Hay, 1988) , novice athletes (Berg et al., 1994) and unskilled athletes (Scott et al., (1997) , where the majority of the adjustments also took place on the last two strides of the approach. According to Hay (1988) , it seems odd that elite athletes perform the major adjustments in their stride lengths during the preparation for take-off which is the most inopportune time for such an action. Berg et al., (1994) , who noticed the same pattern in novice athletes, suggested that the regulation of gait must be analysed in terms of the interaction between a jumper and his/her environment and the coupling of perception and action in human bipedal motion. The observation that only 61% of the adjustments were distributed over the last two strides when the "yellow" take-off board was used supports this notion. Early perception of the take-off board and time to contact would allow athletes to distribute the corrections needed uniformly across the last segment of the approach. This would allow them during the last two strides to focus without distraction on high speed attainment and proper take-off mechanics during the last two strides.
The issue of colour contrast in the long jump and triple jump setting has also been raised by Linthorne (2005). The author examined the possible effect that colour contrast among the take-off board and the adjoining plasticine indicator could have in the likelihood of a foul. The author reported that in competitions where the plasticine indicators in use had "white" as the prevailing colour, more foul attempts were recorded and suggested that the IAAF should standardize the colour of the plasticine indicator board and the plasticine. In the last years there is an on growing tendency modern athletics amenities to use various colour hues for the track's surface. However, since IAAF's specifications for track and field facilities require the take-off board to be coloured exclusively "white" this would result to variable levels of colour contrast. Undoubtely, further research is needed examining the effect of colour contrast on the perception of the board with surfaces of different hues (red, green) taking also into account the effect of luminance contrast as well with the use of a spectroradiometer.
Conclusion
When a take-off board of a colour complementary to the runway's blue track surface is used athletes initiated their regulation two strides earlier. This may be attributed to an enhanced visual perception of the approaching target. This resulted in a more uniform distribution of adjustments during the last two strides of the approach, allowing the athlete to focus on high speed attainment and proper take-off mechanics.
